OBJECTIVE: To describe the design, methods, and ®rst year results of the Pound of Prevention (POP) study, a randomized trial examining whether weight gain with age can be prevented using low intensity intervention. DESIGN: Participants were randomized to either (1) no-contact control, (2) education through monthly newsletters and semiannual classes on nutrition and exercise, and (3) education plus a lottery incentive for participation. SUBJECTS: Two hundred and twenty-eight men, 594 high-income women, and 404 low-income women. Entry requirements were age 20±45 y, healthy, and willing to participate for three years. MEASUREMENTS: At baseline and one year later, participants were weighed and completed questionnaires about behaviors and attitudes related to weight and weight control. RESULTS: Mean body mass indices at baseline were 28.1, 26.1, and 28.2 for men, high-income women and low-income women, respectively. After one year, participants in the intervention conditions reported signi®cantly increased frequency of weight monitoring, but no change in other targeted behaviors. One year weight changes in the control, education, and education plus lottery groups were 1.94 lb, 0.72 lb, and 0.21 lb in men; 1.38 lb, 1.03 lb, and 0.51 lb in highincome women; and 1.30 lb, 2.11 lb, and 3.23 lb in low-income women. CONCLUSIONS: These one-year results suggest that the intervention may be having a greater impact on high than low-income participants.
Introduction
Obesity is an important public health problem. A substantial body of research establishes its causal relationship to adverse health events, for example, diabetes, 1 hypertension, 2 and premature mortality. 3 Its prevalence in the US population is high and rising (namely, one-third of all adults are obese, up 33% from 10 y ago). 4 At present there are no effective long-term treatments for the problem, short of surgical intervention. 5, 6 The natural history of obesity identi®es it as primarily an adult onset disorder that gradually develops over a long period of time. 7 Given this developmental sequence and the failure of tertiary treatments, 6 it seems reasonable to ask whether primary prevention of weight gain, rather than treatment of obesity, might be a more effective approach to addressing obesity as a public health problem. The behavior changes that are necessary to achieve and maintain large weight losses are clearly dif®cult for most obese people. Behavior changes needed to reverse small increments in weight with age might be easier to sustain.
Only one published study has speci®cally addressed the issue of weight gain prevention. Forster and colleagues 8 conducted a small-scale trial in a relatively select group of normal weight individuals to evaluate whether an intervention involving an educational program and a ®nancial incentive could reduce weight gain. The result was a mean weight loss of approximately 1 kg among intervention participants compared to no weight change in untreated controls over one year.
The present paper reports on an ongoing trial of weight gain prevention that is evaluating a similar approach in a larger population over a longer period of time. The trial is being conducted in conjunction with four local health departments in the Minneapolis/St. Paul, Minnesota metropolitan area and involves over a thousand participants. This report describes the study design, population characteristics, intervention methods, and progress after one year of intervention with respect to study participation, changes in behaviors, and changes in body weight. ments: those serving the cities of Minneapolis and St. Paul, Minnesota and two suburban communities. Annual assessments of study participants are being conducted at health department sites, as are face-toface intervention activities. In addition, health department personnel are actively involved in developing intervention materials and delivering face-to-face components of the intervention.
Study participants
Participants were recruited from a variety of sources over a period of one year. General recruiting was done through direct phone solicitation in neighborhoods with a sociodemographic representation similar to the metropolitan area as a whole, newspaper advertisement, and mailings to employees of a large educational institution (University of Minnesota). These recruiting methods yielded 228 men and 594 women for the study. Because obesity and weight gain with age are particularly problematic for women of low socioeconomic status (SES), 9 additional recruitment efforts were targeted at this population subgroup. Recruitment of low SES women was done by telephone solicitation in neighborhoods known to have high concentrations of low SES households, at shopping centers in those neighborhoods, and among participants in the special Supplemental Nutrition Program for Women, Infants and Children (WIC). These recruitment efforts yielded an additional 404 low-income women for the trial. Low-income was de®ned as a total household income of $25 000 per year.
Participants were initially screened for eligibility by phone or face-to-face interview and subsequently attended a 1 1 2 h assessment session at which selfreport questionnaires (described below) were completed and height, weight, and blood pressure were measured. Low-income women only were paid $20 for completing this assessment. Eligibility criteria for the study were: (1) age 20±45 y, (2) not currently pregnant or having given birth within 12 months, (3) not currently in treatment for a serious medical or psychological disorder, and (4) willingness to participate in the project for three years. It was explicitly decided not to use body weight as an entry criteria for the study. The reason for this was that weight gain with age and the likelihood of developing obesityrelated health problems in the future is highest among people who are already overweight as young adults. 7 Weight gain prevention is, therefore, as important or even more important in this group.
Study design
Following baseline assessment, one-half of the study participants were randomized to a control condition and one-quarter to each of two intervention conditions: education only and education plus lottery incentive. Each year following randomization, height and weight are measured and subjects complete a battery of questionnaires. The primary hypothesis being evaluated is that study participants who are assigned to the intervention groups will gain less weight over the course of the study than those in the control group. Detectable differences between treatment groups in mean weight change after three years are expected to be from 1.5±3 lb, representing a slowing of usual weight gain by 
Intervention
The intervention program for the Pound of Prevention (POP) program is based on the hypothesis that gradual weight gain in adults is due in large part to the fact that people are not very attentive or motivated to correct the small changes in weight that lead to obesity or the small changes in eating and exercise habits that could prevent these weight gains. Both of the intervention groups in the study (namely, education only and education plus lottery), are being given the same behavioral and educational messages. These are: (1) pay attention to weight by weighing yourself at least once a week, (2) eat two servings of fruit each day, (3) eat three servings of vegetables each day, (4) reduce intake of high fat foods, and (5) walk three times a week for at least 20 min. The primary vehicle for delivering this message is a monthly newsletter that is 2±4 pages long and focuses on one or more of the program messages. All intervention participants receive the same newsletter each month. In the ®rst 12 months of the trial two newsletters focused on fat, three on fruits and vegetables, two on paying attention to weight, ®ve on exercise, and three on related issues (namely, general nutrition, fad diets, and keeping food and exercise records). During the ®rst calendar year of the study when subjects were being recruited, newly randomized participants received an introductory letter describing the goals of the study and the behaviors being encouraged along with the newsletter for the month in which they were randomized.
A return-address stamped postcard is included in each newsletter. Study participants are asked to return the postcard after answering ®ve questions that are printed on the postcard. The questions are`Have you in the last 24 h: (1) walked for 20 min or more, (2) eaten two fruits, (3) eaten three vegetables, (4) weighed yourself,' and (5)`What is your current weight?' Participants are also encouraged to write questions they have about weight control issues on the card. Questions are read by study staff when postcards are returned and selected questions are answered in the next month's newsletter.
Face-to-face education programs were offered to individuals in the intervention groups twice in the ®rst year of the trial at each health department location. The classes were led by health department nutritionists and covered basic nutrition and exercise principles using an interactive format. The only difference between the education only condition and the education plus lottery condition is that individuals in the lottery condition are offered the opportunity to have their name entered into a $100 lottery drawing each month. The intent of the incentive lottery is to encourage participants in this group to read their newsletter and pay attention to the study recommendations on the postcard. Participants are eligible for the lottery if they mail back their monthly postcard. They are not required to comply with the behavioral recommendations in order to enter the lottery.
Study measures
The information obtained on the POP questionnaires at baseline included demographic data; a detailed weight and weight loss history; and questions about weight control practices, smoking, diet and exercise behavior, perceived social support, and weight concern. The same information was also obtained at the one year follow-up evaluation. Data included in the present report include the following.
Participant type. Because of the different ways in which they were recruited, their different risk of weight gain with age and differences in baseline behaviors, participants in the trial were classi®ed into three separate groups for this report. These groups were (1) men, (2) high-income women (family income b $25 000 per year), and (3) lowincome women (self-report of family income $25 000 per year).
Demographics. (1) Age in years, (2) current marital status (currently married vs other), (3) education ( high school, some college, ! college degree), and (4) ethnicity (white vs other ethnic identi®cations).
Smoking. Current smoking status was self-reported at baseline and one year follow-up. Smoking groups for analyses were: (1) stable smokers, those reporting smoking at both time points (n 162); (2) stable nonsmokers, those reporting not smoking at both time points (n 874); (3) quitters, those reporting smoking at baseline but not at one year (n 20); and (4) initiators, those reporting not smoking at baseline and smoking at one year (n 18). Diet and exercise. Habitual diet was measured with the 60-item Block Food Frequency Questionnaire developed by the National Cancer Institute. 10 Dietary variables used in the analyses were energy intake per day in kcal, percent of energy from fat, number of servings of vegetables eaten per day, and number of servings of fruit eaten per day.
Physical activity was measured using an instrument adapted from Jacobs et al. that has been used in several large epidemiolgic studies, including those involving low-income populations. 11 The questionnaire describes 13 exercise activities, including highintensity and low-intensity leisure time physical activities, job activity, and homemaking activities. For the present analysis, the frequency per week of each activity was multiplied by an estimated intensity score for that activity in metabolic equivalents (METs). These products were summed across the 13 activity items. Two items on the questionnaire speci®cally assessed walking (vigorous and leisurely). Frequency of walking was de®ned as the sum of the weekly frequencies on these two items.
Weight control behaviors. Behaviors engaged in to control weight included the following: (1) ever dieted to lose weight (yes or no), (2) ever participated in a formal weight control program (yes or no), (3) currently dieting to lose weight (yes or no), (4) planning to begin a weight loss diet in the next few weeks (yes or no), (5) how much weight (in lbs) would you have to gain in order to notice that you had gained weight, (6) how much weight (in lbs) would you have to gain before you tried to do something about it, and (7) how often do you weigh yourself each month.
In addition, participants reported whether they had used any of 23 speci®c weight control practices in the last year. Two scales were developed based on a factor analyses: (1) a healthy practices score consisting of the sum of nine items (namely, reducing calories, increasing exercise, increasing fruit and vegetable intake, decreasing fat intake, cutting out sweets and junk food, reducing amounts of food, changing type of food, eating less meat, and eating low-calorie diet foods) and (2) an unhealthy practices score consisting of the sum of ®ve items (namely, use of laxatives, diuretics, appetite suppressants, diet pills, and liquid diet supplements).
Study participants. Study participation for individuals in the intervention groups was de®ned as the percent of postcards returned between baseline and the one year follow-up evaluation. The total possible ranged from 11±13 depending on the timing of the two clinic visits and newsletter mailings.
Statistical analysis
All analyses were done using the SAS statistical software. 12 Baseline characteristics of study partici-pants were examined in two ways. First, the characteristics described above were compared among three types of participants in the study: (1) men, (2) highincome women, and (3) low-income women. Second, the same characteristics were examined across treatment conditions, control, education only, and education plus lottery to determine whether the randomization procedure was successful in equally allocating participants with different characteristics to the different treatment groups.
As detailed more fully below, the different population subgroups participating in the trial differed fairly dramatically on a number of baseline variables. Therefore, analyses of changes over time were analyzed separately for men, high-income women and low-income women. The primary outcome of interest in the study was change in body weight. Analysis of covariance was used with covariates of age, baseline weight, ethnicity, smoking, baseline physical activity, and previous participation in a weight control program. Age, baseline weight, ethnicity, and smoking status were used as covariates because of the known association between these factors and weight change over time. Physical activity and previous program participation were included because, as noted below, treatment groups differed somewhat on these variables at baseline. Analyses of weight change included only individuals for whom measured body weights were available at one year evaluation. Women who were pregnant at the one year follow-up assessment, who had been pregnant in the last year, and who failed to answer questions about pregnancy at follow-up were also excluded (n 137). The sample for weight change analyses included 198 men, 473 high-income women, and 314 low-income women. In addition, the top and bottom 1% of the distribution of weight change scores were Winsorized (namely, weight gains greater than 24 lb (n 12) were recoded to 24 lb and weight losses greater than 22 lb (n 13) were recoded to 721.5 lb). 13 Winsorization was done to reduce the likelihood that a single outlying weight change value would distort group means and thus unduly in¯uence interpretation of trends.
Secondary outcomes of interest were changes in the diet, physical activity, and dieting practice variables described above. These variables were analyzed using the same procedures as for weight. Change scores were analyzed by treatment group controlling for baseline values and the covariates noted above. These analyses were also strati®ed by participant type. Table 1 shows the characteristics of the study population grouped by participant category. Study participants were in their early to mid-thirties. About 60% of high-income participants, but only 20% of lowincome women, were married. High-income participants were well-educated (62% held college degrees), whereas low-income women had considerably less education. A majority of the population was white. High-income participants were less likely and lower income women more likely to smoke than the current general population rate of about 20%. The mean BMI of the group was slightly above population averages. High-income women reported less energy and fat intake than either low-income women or men. There were no differences among participant types in reported levels of physical activity, although women reported more walking than men. Not unexpectedly, dieting history was greater in women than men and was greater in high-income women than low-income women. High-income women reported weighing themselves most often and low-income women least often. High-income women also reported they would have to gain the least weight and low-income women the most weight before doing something about it. High-income women reported the most healthy dieting practices in the last year, and low-income women reported the most unhealthy dietary practices in the last year. Men reported the fewest of both types of weight control efforts. Comparisons among individuals randomized to different treatment conditions on the same set of variables revealed that randomization was reasonably successful in equalizing the treatment groups. None of the comparisons between treatment groups achieved conventional levels of statistical signi®cance. However, there were three variables for which treatment group differences at baseline approached signi®cance (P % 0.10). These were BMI, which was about one unit higher in the education only group than in the education plus lottery group; physical activity, which was slightly higher in the control group than in either of the education groups; and prior participation in a formal weight loss program, which was higher in the education only condition than in the control or education plus lottery condition. All three of these variables were included as covariates in the outcome analyses in an effort to adjust for these baseline differences.
Results

Baseline characteristics
Retention
Success in keeping participants in the trial over the ®rst year is shown in Table 2 by treatment group and type of participant. Data in this table are the percentage of participants enrolling in the study on whom measured weights were obtained at the one year follow-up evaluation. The percent completing follow-up averaged 86% using this criterion. Retention did not differ signi®cantly by treatment group, but were signi®cantly lower in low-income women compared to high-income women and men (w 2 (2) 7.32, P`0.03).
Participation
The mean proportion of postcards returned by intervention participants in the two treatment conditions are shown in Table 3 . Overall, the proportion of cards returned, and thus continuing interest in the program, was high in all groups. High-income women returned the highest proportion of postcards, followed by men and by low-income women (F (2, 546) 17.08, P 0.0001). There was no signi®cant difference in the proportion of postcards returned between the education only and education plus lottery groups, however, and no indication that the proportion declined over time (data not shown). The correlations between the proportion of postcards returned and weight change over one year were not signi®cant in any of the three participant groups. Participation in face-to-face weight change classes was low (less than 10% participated; n 49 of 615 eligible).
Weight and behavior change
The unadjusted mean change in body weight across the entire study population over 1 year of observation was a gain of 1.38 lb (0.63 kg). Tables 4, 5, and 6 show adjusted changes in weight and behavioral variables by treatment group in men, high-income women, and low-income women, respectively. Weight change as a function of treatment was not signi®cant in any of the participant subgroups. Trends were in the hypothesized direction in men and highincome women, but were in the direction opposite to that hypothesized in low-income women (namely, there was less weight gain among intervention participants versus controls in men and high-income Men  84  98  80  87  High-income women  89  84  91  88  Low-income women  85  80  81  82  Total  86  85  86  86 a De®ned as obtaining Year 1 measured weight. women, but more weight gain among low-income women in the intervention versus control groups).
Results of the same analysis without Winsorization of extreme weight changes also were not signi®cant, although the differences between group means were slightly larger. Differential changes over time in reported frequency of weighing were observed in all three participant groups. In high-and low-income women, reported frequency of weighing increased in both treatment groups compared to controls. Men receiving education only also reported an increase in frequency of weighing. None of the other behavioral measures showed a change by treatment condition. Correlational analyses showed that increases in weighing frequency were related to less weight gain in all three participant groups (rs from 70.14 to 70.21, Ps`0.05) and that reports of increased walking were associated with less weight gain in women (r 70.11, P`0.01, in high-income women and r 70.10, P`0.06 in low-income women).
Discussion
The purpose of this report was to present the design, methods, and one year outcome results of the POP study. Accomplishments to date include recruitment of a large and diverse group of participants for the study and high follow-up rates through one year. A large proportion of participants assigned to the active intervention conditions have returned the postcards sent with their monthly newsletters, which suggests that this part of the intervention is being well received. Little interest has been shown in the face-to-face components of the intervention, however. The only signi®cant treatment effect observed at one year was an increase in the frequency of reported weighing among participants receiving the intervention. Because weight changes were expected to be small at one year, the absence of stronger effects on the study's main outcome at this point is not surprising. Among men and high-income women, early trends in weight gain were encouraging and, if sustained for three years, would produce a positive outcome. However, trends in the low-income group were negative at one year, a discouraging ®nding given their high risk for weight gain and obesity.
Comparison of the one year results of POP with that of the only previous research on this topic suggests both similarities and differences. First, in the earlier study, no weight gain was observed in either the treated or untreated group. 8 Here the amount of weigh gain observed in the control group is consistent with normative population data. One possible explanation is the age difference between the two samples, since weight gain with age in older adults is considerably less than in young adults. Another is higher health consciousness in the earlier study population, which was recruited from a list of individuals who had participated in a risk factor screening program. Second, participation in intervention activities is about the same across the two studies as measured by postcard return rates, but attendance at face-to-face education classes is much lower in the present study. Classes on the topic of weight gain prevention appear to have less appeal to younger persons, perhaps because they have less time to devote to such activities or because their overall level of health concern is less than in older adults. Finally, treatment trends appear stronger among men in the current study, which is consistent with previous study. Lowincome women however, who were not represented at all in the earlier investigation, do to seem to be responding to this type of educational approach thus far. Although no mechanism is readily apparent for why educational messages about diet and exercise might produce negative effects on weight in lowincome women, should these at present nonsigni®cant trends continue, this possibility may require further consideration.
Conclusions
POP is the ®rst large scale study to examine the feasibility and ef®cacy of a weight gain prevention approach to addressing the public health problem of obesity. Given recent trends in obesity prevalence in the US, it is believed that the questions being addressed are important. Further follow-up will reveal whether the low-intensity educational strategy being tested is effective in reducing rate of weight gain in the groups being studied. It may also help to identify behavioral correlates of weight gain that could provide guidance to further research on this important topic.
